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(54) LUMINANCE IMPROVED TRANSPARENT SHEET 

(57)Abstract: 

PURPOSE: To obtain a directional back light which 
has its directivity improved and is usable for a liquid 
crystal panel with a wide visual field angle without 
spoiling the front luminance improvement effect by 
dividing both slanting surfaces of a conventional 
prism sheet into two and altering the surfaces 
containing the vertical angle into gentry slanting 
convex curved columnar surfaces. 
CONSTITUTION: The transparent sheet 9 is formed 
by arraying many shape units 8, each formed by 
connecting two convex curved columnar surfaces 
having generating lines parallel to each other in right- 
left symmetrical relation at right angles to the 

8 

generating lines, on one surface, and the respective 

tangential surfaces and planes cross each other at a <180° angle. This transparent sheet 9 
transmits or reflects the majority of light as primary transmitted light shown by A or return 
light shown by B and C, and on secondary transmitted light exits, specially, from a curved 
columnar surface RQS. A little secondary transmitted light exits from oblique surfaces OR 
and PS, but the majority of the secondary transmitted light falls on an adjacent shape unit 
8 and is absorbed under specific conditions, and part of it is added to the return light. 
Consequently, almost no light exits at a wide angle. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] the transparence sheet which is a transparence sheet with which the configuration unit 
which the flat surface which a bus-bar resembles the music cylindrical surface of two parallel 
convexes mutually, respectively, and is connected combined with bilateral symmetry was formed in 
one field together with the direction perpendicular to this bus-bar in large numbers, and is 
characterized by to make the configuration which each plane of composition and a flat surface cross 
at the bond part of both this music cylindrical surface, and the bond part of each curved surface and 
each flat surface at an include angle smaller than 180 degrees. 

[Claim 2] The transparence sheet of claim 1 characterized by being formed so that the configuration 
of this formation unit may fill the following formulas (1) when taking the z-axis in parallel with the 
normal of the above-mentioned transparence sheet, taking the y-axis in parallel with the bus-bar of 
the music cylindrical surface of a convex and taking a x axis in the direction of a train of a formation 
unit. 

[Equation 1] 

z = A x (0£ x £ B) 



dz ztan*+(x-p) (B<x<T/2) 



d x ( x - p ) tan <f> - z 

__d_ L ,f» + (T-«-p) (T/2<X<T _ B) 
dx (T-x-p)tan0-z 

z = — A ( x - T) (T-B^x^T) 



(1) 



(phi=0.8thetac-l .2thetac, thetac=sin -1 (1/n), and n express the refractive index of a formation unit 
among a formula.) p=0.8T-1.5T and T express the width of face of a formation unit. 
[Claim 3] It is the transparence sheet characterized by being the transparence sheet with which the 
partial multiple cylindrical surface which four flat surfaces combined with bilateral symmetry was 
formed in one field together with the direction perpendicular to the bus-bar of this multiple 
cylindrical surface in large numbers, and ******** of this multiple cylindrical surface making the 
configuration which crosses at an include angle respectively smaller than 180 degrees. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the technique which raises the transverse-plane 
brightness of the back light unit used for a liquid crystal display etc. with an optical means. 
[0002] 

[Description of the Prior Art] In the product on condition of the dc-battery drive of the portable 
notebook computer equipped with the color liquid crystal display, the portable liquid crystal TV 
using an electrochromatic display panel or the video one apparatus liquid crystal TV, etc., etc., it has 
been a failure for a liquid crystal display with large power consumption to develop dc-battery drive 
time amount in recent years. It considers as the target important [ the rate of the power consumption 
of the back light used for this especially is large, and ] when stopping this low develops dc-battery 
drive time amount and it raises practical use worth of above-mentioned goods. 
[0003] Under the present circumstances, in order to stop power consumption, in having reduced the 
brightness of a back light, a display becomes hard to see and is not desirable. Then, although to 
improve the optical effectiveness of a back light is desired in order to stop power consumption, 
without sacrificing brightness, the method of setting the prism sheet 1 which formed the prism train 
2 in one side like drawing 9 on the luminescence side 4 of a back light 3 as a means to realize this is 
put in practical use now. The increment in the transverse-plane brightness by this prism sheet is 
caused by the following mechanisms. 

[0004] The part carries out refraction transparency with a prism sheet, the remainder reflects, and the 
light from the surface light source is returned to the surface light source. Generally the surface light 
source of an edge light type like 3 of drawing 9 R> 9 has comparatively low transverse-plane 
brightness, and since the brightness seen from across has high directivity, directional characteristics 
are improved so that transverse-plane brightness may increase by refraction by the prism sheet 1 . 
Moreover, although diffuse reflection of the reflected light from the prism sheet 1 is carried out with 
the diffusion sheet 4 of the luminescence side of the surface light source and the brightness of a 
luminescence side is made to increase, transverse-plane brightness also increases in connection with 
this. 
[0005] 

[Problem(s) to be Solved by the Invention] Drawing 8 is what showed the cross section 
perpendicular to both the slant faces of the prism of such a prism sheet. The component a for which 
the beam of light which carried out incidence penetrates a direct prism slant face according to the 
incident angle (it is henceforth described as the primary transmitted light) The component b which 
reflects again on another slant face and is returned to an incidence side once reflecting on a prism 
slant face (it is henceforth described as return light) Once reflecting on a prism slant face, it is about 
divided into the component c (it is henceforth described as the secondary transmitted light) which 
penetrates another slant face and comes out in front (although the component further reflected 
multiply depending on selection of a prism vertical angle also exists, there are usually few the rates). 
At this time, Component a is a beam of light containing the light which comes out in a transverse 
plane, i.e., the direction to observe, used in fact, and is an effective beam of light to which diffuse 
reflection of the component b is carried out with the diffusion sheet of the luminescence side of the 
surface light source, and the brightness of a luminescence side is made to increase. On the other 
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hand, Component c is a beam of light which appears in whenever [ besides the effective angle of 
visibility of a liquid crystal panel / wide angle ], and is a component which is not helpful. 
[0006] Once brightness will fall rapidly if a light (primary transmitted light) bright to the width of 
face of the angle of visibility around **40 degrees from a transverse plane (in the case of 90 degrees 
- 100 degrees of vertical angles and about 1.5 to 1.59 refractive index) about the direction where the 
light from a prism sheet is perpendicular to the ridgeline of prism is emitted as a result and it 
becomes an angle of visibility beyond it, and it almost becomes zero, brightness increases again with 
a still bigger angle of visibility (secondary transmitted light). It has a form which narrowed down the 
include-angle range of an outgoing radiation beam of light as a result, and increased brightness. 
[0007] The directivity to which brightness falls in the first place rapidly more than the angle of 
visibility around 40 degrees becomes a problem here. That with which an improvement progresses 
and the directivity of a liquid crystal panel indicates sufficiently practical contrast to be with the 
angle of visibility of 40 degrees or more also in the direction where directivity is narrow is 
developed in recent years. To such a liquid crystal panel, the fall of the brightness accompanying the 
increment in an angle of visibility is loose, and to some extent large directivity is wanted to be 
shown. 

[0008] Moreover, the second trouble is existence of the secondary transmitted light which is not 
helpful, and if this component can be reduced, it can expect much more improvement in efficiency. 
It is the vertical angle of prism as for that pointed out to USP2,474,3 17 [0009] 
[Equation 2] 

180 degree-4 (90 degree-thetac) / m, and ... (m is three or more integers) — (2 [0010]) It is possible 
for it to be alike and to choose. Although the secondary transmitted light becomes zero and the 
effectiveness as the whole is improved by this, the first trouble still described above remains. 
[001 1] The purpose of this invention is developing an optical sheet with the efficient increment 
effectiveness in brightness of the highest brightness's having been shown in the direction of a 
transverse plane, and having had the luminance distribution which falls in the direction beyond a 
predetermined angle of visibility gently with the increment in an angle of visibility, and having 
suppressed the above-mentioned generating of the secondary transmitted light. 
[0012] 

[Means for Solving the Problem] The configuration unit which the flat surface which leads to the 
music cylindrical surface and each of two convexes with an parallel bus-bar mutually combined with 
bilateral symmetry the transparence sheet of this invention claim 1 to one field It is the transparence 
sheet formed together with the direction perpendicular to this bus-bar in large numbers, and each 
plane of composition and a flat surface are the transparence sheets characterized by making the 
configuration which crosses at an include angle smaller than 180 degrees in the bond part of this 
both music cylindrical surface, and the bond part of right-and-left each music cylindrical surface and 
each flat surface. 

[0013] Moreover, the transparence sheet of this invention claim 2 is a transparence sheet of claim 1 
characterized by being formed so that the configuration of this formation unit may fill the following 
formulas (1), when taking the z-axis in parallel with the normal of the above-mentioned transparence 
sheet, taking the y-axis in parallel with the bus-bar of the music cylindrical surface of a convex and 
taking a x axis in the direction of a train of a formation unit. 
[0014] 
[Equation 3] 

z = A x (0_ xSB) 

d z z tan 4> + ( x - p } 



(B < x < T/2) 



d x ( x — p) tan# — z 

d 2 z tan^ + (T - x - p ) 
d x (T - x - p ) tan^ - z 

z = — A ( x- T) (T-B^x^T) 



(T/2<x<T-B) 



tl) 



[0015] In addition, phi=0.8thetac-1.2thetac, thetac=sin -1 (1/n), and n express the refractive index of 
a formation unit here. Moreover, p=0.8T-1.5T and T express the width of face of a formation unit. 
[0016] Furthermore, this invention claim 3 is the transparence sheet with which the partial multiple 
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cylindrical surface which four flat surfaces combined with bilateral symmetry was formed in one 
field together with the direction perpendicular to the bus-bar of this multiple cylindrical surface in 
large numbers, and ******** of this multiple cylindrical surface is a transparence sheet 
characterized by making the configuration which crosses at an include angle respectively smaller 
than 1 80 degrees. 
[0017] 

[Function] An operation of this invention is explained using drawing below. Drawing 2 is xz 
sectional view of the transparence sheet of this invention claim 2, and it is the most characteristic and 
it expresses the case where it is suitable although [ explaining the intention of this design ] it was 
phi=thetac of (1) type, and p=T. It is a flat surface between OR and PS here, and the function is the 
same as that of the slant face of the prism sheet of drawing 8 . It is as follows if expressed with a 
formula. 
[0018] 

[Equation 4] z=Ax (between 0 <=x<=B:OR) 
z=-A (x-T) (between T-B<=x<=T:PS) 

[0019] On the other hand, it is the music cylindrical surface introduced by this invention between 

RQ and SQ. In the conventional prism sheet of drawing 8 , since that most has emitted from near the 

vertical angle of prism, in order not to generate this, all the light that changed the configuration near 

a vertical angle and reflected it on the slant face which counters should just be made to carry out 

total reflection of the secondary transmitted light in this part. For this reason, with the transparence 

sheet of drawing 2 , it has always been made to carry out incidence of the light which makes between 

RQ near a vertical angle, and SQ the music cylindrical surface of a convex, and reaches this part 

from the slant face which counters to this part by the incident angle more than total reflection angle 

thetac=sin-l (1/n). If the straight line which connected each point between RQ from P chooses the 

beam of light which carries out incidence by the smallest incident angle so that the normal of the 

field in a tie and the angle to make may become equal to thetac since it is the reflected light from 

Point P when it sees from each point between RQ, all the reflected lights from other points of a right 

slant face will be reflected between RQ. When Point O is taken at a zero at this time, the conditions 

which the coordinate of Point P is set to (T, 0), and the music cylindrical surface RQ fulfills are 

[0020]. 

[Equation 5] 
dz ztan0c+(x-T) 



d x (x - T) tan 0c- z 



(B < x < T/2) 



[0021] It becomes. Numerical integration of this formula is carried out to the basis of the boundary 
condition which is in agreement at the flat-surface section OR and Point R in fact, and the form of 
RQ is determined. The same is said of between SQ and it becomes the configuration of bilateral 
symmetry focusing on x=T/2. Thus, the one whole configuration unit ORQSP will be expressed with 
(l)type. 

[0022] Thus, with the transparence sheet of the cross-section configuration of drawing 2 , B and C 
become [ whether almost all light turns into the primary transmitted light like A, and ] return light, 
and the secondary transmitted light does not come out from the music cylindrical surface RQS 
especially. Although some secondary transmitted light comes out from slant faces OR and PS, if B of 
(1) type is chosen suitably, almost all the secondary transmitted light will collide in next 
configuration, and will be absorbed, and the part will join return light. Most light which appears in 
whenever [ like c of drawing 8 as a result / wide angle ] will be lost. 

[0023] since the function of the flat surface sections OR and PS of the configuration unit of this 
transparence sheet be equivalent to the slant face of the conventional prism sheet , the primary 
transmitted light from here show directivity equivalent to the conventional prism sheet , but when the 
inclination of the music cylindrical surface RQS be a curved surface more loosely than the flat 
surface section , the primary transmitted light from this part have the directivity in which brightness 
carry out include angle change gradually more widely than that of the flat surface sections OR and 
PS . As a result, the directivity which approaches zero gradually will be shown, making a shoulder 
on a brightness-include- angle curve so that brightness may not fall rapidly, even if this transparence 
sheet exceeds the angle of visibility of the conventional prism sheet. 

http ://www4. ipdl .ncipi . go j p/cgi-bin/tran_web_cgi_ejj e 1/1 9/2006 



JP,07-230002,A [DETAILED DESCRIPTION] 



Page 4 of 6 



[0024] Although the above explained phi=thetac of (1) type, and the case of p=T, it is possible to 
change a little the property acquired by adjusting the value of phi and p. For example, the inclination 
of the music cylindrical surface RQS of phi>thetac or p<T, then a formation unit becomes loose 
uniformly, and an angle of visibility can extend it more. Therefore, it is effective when you need a 
large angle of visibility especially. Also in this case, although the secondary transmitted light is not 
produced, the rate of increase of transverse-plane brightness falls compared with the case of 
phi=thetac and p=T by having extended the angle of visibility. Since the merit of a transparence 
sheet will become thin if the rate of increase of transverse-plane brightness becomes not much low, 
even if phi is large, as for p, it is desirable to a 1 .2thetac grade to carry out to to about 0.8T for it to 
be small. 

[0025] On the other hand, it is expectable that phi<thetac or p>T, then an angle of visibility raise 
more the rate of increase of narrowing and transverse-plane brightness. In this case, although the 
secondary transmitted light will be produced, it will not become a big problem if reduction of phi or 
the increments in p are few. However, it is not desirable in order for the secondary transmitted light 
to increase and to cause the fall of transverse-plane brightness, if not much large p is taken or phi is 
made small too much. It is desirable that phi presupposes that it is small and p presupposes to to 
about 1 .5T to a 0.8thetac grade for it to be large. 

[0026] omega is expressed with the following formulas, when A of (1) type, i.e., the inclination of 
the flat-surface parts OR and PS, determines the angle-of-visibility range where brightness is the 
highest and this angle of visibility is set with omega in the above-mentioned transparence sheet. 
[0027] 

[Equation 6] omega=gamma+sin -1 (nsin-1 (theta c-gamma)) however — Gamma=tan-1 A [0028] 
The relation of gamma and omega in the case of refractive indexes 1.59 (polycarbonate) and 1.49 
(polymethylmethacrylate) was shown in drawing 4 . If gamma is made small, omega becomes large, 
and although an angle of visibility becomes large, if it is made not much small, it fades and is not 
desirable [ an angle of visibility / the improvement effect of brightness ]. Moreover, as a result, as for 
gamma, it is desirable to choose in 35 degrees - 55 degrees, and while being 40 degrees - 50 degrees 
is especially the most practical practically preferably [ narrowing an angle of visibility not much ]. In 
addition, although brightness falls in the include angle at which the transparence sheet of this 
invention exceeded omega as mentioned above, by the primary transmitted light from the music 
cylindrical-surface section RQS, the degree of a fall is loose and the practical angle of visibility has 
spread more than omega. 

[0029] Moreover, B of (1) type has determined the ratio of the flat-surface part in a formation unit, 
and a music cylindrical-sxirface part. If it will become close to the conventional prism sheet if B is 
enlarged not much, and the effectiveness of this invention fades and it is made preferably and small, 
although improved, if an angle of visibility is made not much small, it falls and is not desirable [ an 
angle of visibility / the improvement effect of brightness ]. As for B, it is desirable to choose in 0.2T- 
0.35T practical. 

[0030] It turns out that the improvement in effectiveness by the transparence sheet which has the 
train of the formation unit of the cross-section configuration shown by (1) formula as mentioned 
above in one side stopping the directional characteristics which show a gently-sloping brightness 
change, and the secondary transmitted light is realizable for coincidence. However, this effectiveness 
is not necessarily restricted, when the cross-section configuration of the music cylindrical surfaces 
RQ and SQ is expressed with (1) type, the operation which will loosen the operation like drawing 2 , 
and include-angle change of brightness in other function forms (a cylinder side, secondary music 
cylindrical surface, etc.) if the configuration of a certain thing is the music cylindrical surface of a 
convex and the absolute value of a difference of an inclination is smaller than the flat-surface 
sections OR and PS in the magnitude of effectiveness — **** — it is (claim 1). 
[0031] Furthermore, even if they are a flat surface like claim 3, if RQ and SQ have the absolute 
value of the inclination smaller than OR and PS, they have the same operation. Although drawing 3 
transposes between RQ of drawing 2 , and SQ to a flat surface A part of light which turns into the 
secondary transmitted light like B ! in the conventional prism configuration shown by the dotted line 
reflects at a flat surface RQ all over drawing, and it becomes the return light B. A part of secondary 
transmitted light which goes to whenever [ wide angle ] like C in the conventional prism 
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configuration similarly is more greatly bent at a flat surface RQ like C, it enters per next formation, 
and this part serves as return light. If the inclination between RQ and SQ is made still smaller, it is 
also possible to make the secondary transmitted light into zero. However, the brightness angular 
distribution in these cases is not so loose as the transparence sheet of claim 1 and claim 2, and 
becomes the characteristic thing which changes with the superposition of the comparatively narrow 
angular distribution with which the primary transmitted light from the flat-surface sections OR and 
PS makes, and the comparatively large angular distribution which the primary transmitted light 
between RQ and SQ makes gradually. 

[0032] The perspective view of the transparence sheet of this invention claim 1 and claim 2 was 
shown in drawing 1 . The pitch T of 0.1mm - about 3mm and a formation unit of the thickness of an 
actual sheet is 30 micrometers - about 0.5mm. This transparence sheet is used, replacing on the 
prism sheet 1 of drawing 9 . moreover, the transparence sheet of this invention -- the — if a formation 
unit rectangular cross is carried out and two sheets are used in piles, transverse-plane brightness will 
improve further. 
[0033] 

[Example] About the refractive index 1.59 (polycarbonate), the continuous line showed to drawing 5 
what searched for the configuration of the formation unit of claim 2 at the time of phi=thetac, p=T, 
A= 1 (45 degrees of inclinations), and B=T/4. This is easily calculable from (1) type with numerical 
integration. The metal mold which arranged the slot of the cross-section configurations of this 
drawing and an analog in based on this as T= 50 micrometers was manufactured, the heat press was 
carried out at the polycarbonate transparence plate with a thickness of 2mm, and the transparence 
sheet of claim 2 was manufactured. Furthermore, this transparence sheet was put on the 
luminescence side of the edge light type surface light source, the angular distribution of brightness 
was measured, and the continuous line showed this result to drawing 8 . The transverse-plane 
brightness rate of increase at this time was 1.55 times. 

[0034] Moreover, like the dotted line of drawing 5 , in the cross-section configuration where each 
top-most vertices were connected in a straight line, the metal mold which put the slot of the cross- 
section configurations of this drawing and an analog in order as T= 50 micrometers similarly was 
manufactured, the heat press was carried out at the polycarbonate transparence plate with a thickness 
of 2mm, and the transparence sheet of claim 3 was manufactured. The dotted line showed the result 
of having measured the angular distribution of brightness like [ sheet / this / transparence ] the point 
to drawing 8 . The transverse-plane brightness rate of increase at this time was 1 .54 times. 
[0035] The metal mold of the form where 90 degrees of vertical angles and 1 12-degree prism were 
put in order in 50-microrneter pitch as an example of a comparison was manufactured, the heat press 
was carried out at the polycarbonate transparence plate with a thickness of 2mm, and the 
conventional prism sheet was manufactured. 112 degrees of vertical angles are set with m= 3 in (2) 
types here. This transparence sheet was put on the luminescence side of the as same surface light 
source as the point, and the angular distribution of brightness was measured. The continuous line and 
the dotted line showed this result to drawing 7 , respectively. In the case of 90 degrees of vertical 
angles, in the case of 1 12 degrees [1.52 times and ] of vertical angles, the transverse-plane 
brightness rate of increase at this time was 1 .46 times. 

[0036] While the transparence sheet of this invention has the transverse-plane brightness rate of 
increase which is not in the conventional prism sheet inferiority so that clearly if drawing 6 is 
compared with drawing 7 , it turns out that it had the description it is featureless on the conventional 
prism sheet that brightness falls gradually with the increment in an angle of visibility, and directivity 
which employs the engine performance of the liquid crystal panel of a wide-field-of-view angle 
efficiently is realized. Moreover, although the transparence sheet of claim 2 which introduced the 
music cylindrical surface is more more desirable in order to realize smoother luminance distribution 
so that the comparison of the continuous line and dotted line of drawing 6 may show, the direction of 
claim 3 won and the simplicity of metal mold manufacture should just choose either by any shall be 
thought more as important between the engine performance and cost. 
[0037] 

[Effect of the Invention] The transparence sheet of this invention made it possible to realize the back 
light which has usable directivity in the liquid crystal panel of a wide-field-of-view angle, without 
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having improved directional characteristics and spoiling the transverse-plane brightness 
improvement effect by changing into the music cylindrical surface (claim 1, claim 2) or the flat 
surface (claim 3) of a loose convex of an inclination the field which halves both the slant faces of the 
conventional prism sheet, respectively, among these makes a vertical angle. 

[Translation done.] 
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DRAWINGS 



[Drawing 1] 




[Drawing 4] 
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[Drawing 6] 




[Drawing 7] 




[Drawing 8] 
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[Drawing 9] 




[Translation done.] 
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(54) LUMINANCE IMPROVED TRANSPARENT SHEET 

(57)Abstract: 

PURPOSE: To obtain a directional back light which has 
its directivity improved and is usable for a liquid crystal 
panel with a wide visual field angle without spoiling the 
front luminance improvement effect by dividing both 
slanting surfaces of a conventional prism sheet into two 
and altering the surfaces containing the vertical angle 
into gentry slanting convex curved columnar surfaces. 
CONSTITUTION: The transparent sheet 9 is formed by 
arraying many shape units 8, each formed by connecting 
two convex curved columnar surfaces having generating 
lines parallel to each other in right-left symmetrical 
relation at right angles to the generating lines, on one 

surface, and the respective tangential surfaces and y /Pk T|^]?P8S^* 

planes cross each other at a <180° angle. This ^ 
transparent sheet 9 transmits or reflects the majority of f&M §fc= ! 

light as primary transmitted light shown by A or return 

light shown by B and C, and on secondary transmitted x & 

light exits, specially, from a curved columnar surface :\ 4 

RQS. A little secondary transmitted light exits from 

oblique surfaces OR and PS, but the majority of the secondary transmitted light falls on an 
adjacent shape unit 8 and is absorbed under specific conditions, and part of it is added to the 
return light. Consequently, almost no light exits at a wide angle. 
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